Introduction {#sec1-2054270416654359}
============

Hypertension is a common, highly treatable chronic illness, affecting 30.5% of adult men and 28.5% of adult women in the United States (US).^[@bibr1-2054270416654359]^ It is a major risk factor for heart disease and stroke; 69% of Americans who have a first heart attack and 77% of Americans treated for a first stroke have blood pressure above 140/90 mmHg.^[@bibr2-2054270416654359]^ Despite the effectiveness of drug therapy in controlling hypertension, fewer than half (46.5%) of US adults with hypertension achieve target blood pressure.^[@bibr1-2054270416654359]^

There is strong evidence that persons with lower socioeconomic status are more likely to have hypertension and less likely to achieve optimal blood pressure when treated.^[@bibr3-2054270416654359][@bibr4-2054270416654359][@bibr5-2054270416654359][@bibr6-2054270416654359][@bibr7-2054270416654359][@bibr8-2054270416654359][@bibr9-2054270416654359]--[@bibr10-2054270416654359]^ Paulsen et al.^[@bibr5-2054270416654359]^ investigated the association between socioeconomic status and blood pressure control in Denmark, a healthcare system with free access to care/treatment. They determined that patients who are under 65 years of age with an educational level of 10--12 years are more likely to have their blood pressure under control than patients with an educational level of \<10 years. Poorer blood pressure control in low socioeconomic status populations might be due to the association between socioeconomic status and factors known to be related to blood pressure control, such as hypertension knowledge, medication adherence, diet, weight, self-efficacy and social support.^[@bibr6-2054270416654359][@bibr7-2054270416654359][@bibr8-2054270416654359][@bibr9-2054270416654359]--[@bibr10-2054270416654359]^

Numerous studies suggest that educational interventions can improve hypertension knowledge, health behaviours, and blood pressure control.^[@bibr11-2054270416654359][@bibr12-2054270416654359]--[@bibr13-2054270416654359]^ Researchers have shown a particular interest in interventions delivered by peer educators, which show promise as sustainable, cost-effective adjuncts to standard clinical care, especially for chronic conditions. For example, randomised trials of commercial, largely peer-directed weight loss programmes such as Weight Watchers have demonstrated efficacy.^[@bibr14-2054270416654359]^ Similarly, the Chronic Disease Self-Management Program (CDSMP) developed by Lorig and her colleagues at Stanford University has improved functional status, self-efficacy, and/or healthcare use in a number of randomised trials.^[@bibr15-2054270416654359]^ The usage of peer support to reduce hypertension has not been studied extensively, but preliminary evaluations of the National Heart, Lung and Blood Institute-sponsored program 'Salud Para Su Corazon (Health for Your Heart)' provide some reason for optimism.^[@bibr16-2054270416654359]^

Given the evidence for the effectiveness of educational interventions in improving health behaviours, we hypothesised that such interventions might particularly benefit individuals with less education, since part of the disparity in hypertension prevalence and control is explained by differences in lifestyle-related risk factors.^[@bibr6-2054270416654359],[@bibr8-2054270416654359]^ Moreover, we hypothesised that blood pressure education delivered by trusted peers might be more effective than education delivered by health professionals, since peers are likely to convey health information in a less academic, more comprehensible manner.^[@bibr17-2054270416654359]^

To test these hypotheses, we performed a secondary analysis of data from a randomised trial comparing two types of educational interventions promoting hypertension self-management among hypertensive Veterans: one delivered by trained peers and one delivered by health professionals. We first determined whether changes in blood pressure and lifestyle were related to participants\' education. We then examined whether the relative effectiveness of peer-led versus professionally delivered education varied by level of education.

Methods {#sec2-2054270416654359}
=======

Study overview {#sec3-2054270416654359}
--------------

We conducted a secondary analysis of data from POWER II, a cluster randomised controlled trial. In that study, hypertension control improved in both groups and the impact of the two interventions was similar overall.^[@bibr18-2054270416654359]^ For the present analysis, we compared the change in blood pressure control, weight and health behaviours during the intervention period among participants with different levels of education. We then examined whether there was an interaction between the intervention\'s delivery mechanism (peer-led versus professionally led) and participants\' educational level. The Zablocki Veterans Affairs Medical Center\'s Human Studies Subcommittee (IRB) approved the randomised controlled trial and our secondary data analysis (9392-08H); participants in the randomised controlled trial provided written informed consent.

Description of POWER II {#sec4-2054270416654359}
-----------------------

POWER II participants were recruited from individual units of various Veterans\' service organisations (e.g. American Legion, Veterans of Foreign Wars) in Southeast Wisconsin. These local units (typically called posts) meet monthly to conduct organisational business; 58 posts agreed to participate. All participating posts were provided with an automated blood pressure monitor, weight scale and pedometers. For the peer-led intervention, volunteer post members were trained to deliver 10-min educational sessions about blood pressure self-management at each monthly meeting for a total of 12 sessions. For the professionally delivered intervention, participants were invited to attend three 90-min self-management seminars that were held once per quarter and variously led by a physician, a pharmacist, a combat medic and an occupational therapist. Volunteer post members encouraged attendance at these seminars. Topics covered by the peer leaders in monthly sessions and those covered by the health professionals in the seminars were similar, including exercise, diet and the importance of blood pressure monitoring.

Randomisation occurred at the post level. Prior to alerting the posts of their random assignment, 404 hypertensive post members were recruited to participate in a study of the effect of the intervention on blood pressure control. Among these, 219 were at posts assigned to the peer-led intervention and 185 at posts assigned to the professionally led intervention.

Measures {#sec5-2054270416654359}
--------

Trained research assistants collected the following data from POWER II\'s 404 study participants: (1) resting blood pressure, (2) weight and (3) survey data, which included demographic questions (such as age, race, education, income), medical history and previously validated measures of health behaviour, including fruit and vegetable intake,^[@bibr19-2054270416654359]^ sodium intake,^[@bibr20-2054270416654359]^ and physical activity levels,^[@bibr21-2054270416654359]^ as well as self-efficacy,^[@bibr22-2054270416654359]^ patient activation^[@bibr23-2054270416654359]^ and engagement in healthcare.^[@bibr24-2054270416654359]^ Details of the POWER II data collection methods have been described.^[@bibr18-2054270416654359],[@bibr25-2054270416654359]^ One participant did not provide his educational level, leaving 403 participants eligible for this analysis.

Analysis {#sec6-2054270416654359}
--------

We divided participants into three groups based on educational attainment: (1) those with no education beyond high school ( ≤ High school); (2) those with some college or technical school (1--3 years college); and (3) college graduates (4 + years college). We selected our cut points prior to looking at outcomes by group, seeking to have intuitive groups with similar numbers in each group. Statistical analysis of the POWER II data requires adjusting for the cluster sample structure of the data. Comparisons of continuous response variables were made with generalised linear models and adjusted for clustering using generalised estimating equations (GEE), resulting in an ANOVA-like hypothesis test. Comparison of frequency response variables was made using cluster-adjusted logistic or ordinal regression. [Table 1](#table1-2054270416654359){ref-type="table"} reports unadjusted means and frequencies with cluster adjusted *p*-values. [Tables 2](#table2-2054270416654359){ref-type="table"} and [3](#table3-2054270416654359){ref-type="table"} report multivariable model based means (least square means) and *p*-values adjusting for education and baseline value of the reported difference (to control for regression to the mean). Where interactions were significant, pairwise multiple comparisons were made using a Bonferroni adjustment. All analyses were performed using Proc GENMOD and Proc SURVEYLOGISTIC in SAS version 9.3 (The SAS Institute, Cary, NC). Table 1.Baseline characteristics by level of education.Participant characteristicHighest level of education completed*p*Total, N (%)≤ High school N = 1681--3 years college N = 1394 + years college N = 96n (%)n (%)n (%)Age in years (µ, σ)68.2, 10.269.1, 10.568.2, 9.666.6, 10.3*0.2534* ^[a](#table-fn2-2054270416654359){ref-type="table-fn"}^Male gender352 (87.3)149 (88.7)117 (84.2)86 (89.6)*0.9853* ^[b](#table-fn3-2054270416654359){ref-type="table-fn"}^Non-White race15 (3.7)5 (3.0)8 (5.8)2 (2.1)*0.9196* ^[b](#table-fn3-2054270416654359){ref-type="table-fn"}^Employment status*0.0511* ^[c](#table-fn4-2054270416654359){ref-type="table-fn"}^ Retired277 (68.7)119 (70.8)97 (69.8)61 (63.5) Employed100 (24.8)34 (20.2)34 (24.5)32 (33.3) Other26 (6.5)15 (8.9)8 (5.8)3 (3.1)Household income*\<.0001* ^[c](#table-fn4-2054270416654359){ref-type="table-fn"}^ Less than \$25,00057 (14.1)36 (21.4)14 (10.1)7 (7.3) \$25,000--34,99964 (15.9)25 (14.9)32 (23.0)7 (7.3) \$35,000--49,99975 (18.6)34 (20.2)26 (18.7)15 (15.6) \$50,000--74,99970 (17.4)28 (16.7)20 (14.4)22 (22.9) \$75,000 or more64 (15.9)16 (9.5)18 (12.9)30 (31.3)Numeracy*0.0051* ^[c](#table-fn4-2054270416654359){ref-type="table-fn"}^ 046 (11.5)24 (14.4)15 (10.9)7 (7.4) 1165 (41.3)68 (40.7)66 (47.8)31 (32.6) 2136 (34.0)60 (35.9)40 (29.0)36 (37.9) 353 (13.3)15 (9.0)17 (12.3)21 (22.1)Health literacy (µ, σ)61.9 ± 7.460.6 ± 8.162.0 ± 8.064.1 ± 3.8*\<.0001* ^[a](#table-fn2-2054270416654359){ref-type="table-fn"}^Self-efficacy (µ, σ)31.6 ± 3.931.0 ± 3.631.6 ± 4.032.8 ± 4.0*0.0010* ^[a](#table-fn2-2054270416654359){ref-type="table-fn"}^Preference for active role in health (µ, σ)7.0 ± 2.96.0 ± 2.67.5 ± 2.98.3 ± 2.8*\<.0001* ^[a](#table-fn2-2054270416654359){ref-type="table-fn"}^Chronic conditions Diabetes111 (27.5)52 (31.0)40 (28.8)19 (19.8)*0.0383* ^[b](#table-fn3-2054270416654359){ref-type="table-fn"}^ Renal disease23 (5.7)10 (6.0)9 (6.5)4 (4.2)*0.6204* ^[b](#table-fn3-2054270416654359){ref-type="table-fn"}^ Heart disease127 (31.5)59 (35.1)42 (30.2)26 (27.1)*0.2137* ^[b](#table-fn3-2054270416654359){ref-type="table-fn"}^ Stroke33 (8.2)12 (7.1)15 (10.8)6 (6.3)*0.9987* ^[b](#table-fn3-2054270416654359){ref-type="table-fn"}^Smoking*0.0337* ^[b](#table-fn3-2054270416654359){ref-type="table-fn"}^ Current46 (11.4)24 (14.4)16 (11.5)6 (6.3) Missing33 (8.2)22 (13.2)8 (5.8)3 (3.1) Never119 (29.6)41 (24.6)40 (28.8)38 (39.6) Past204 (50.7)80 (47.9)75 (54.0)49 (51.0)Uncontrolled hypertension183 (45.4)83 (49.4)61 (43.9)39 (40.6)*0.0829* ^[b](#table-fn3-2054270416654359){ref-type="table-fn"}^BMI ≧ 30 kg/m^2^204 (50.6)87 (51.8)65 (46.8)52 (54.2)*0.7808* ^[a](#table-fn2-2054270416654359){ref-type="table-fn"}^Systolic BP mm Hg (µ, σ)134.5 ± 15.6134.9 ± 17.4134.4 ± 14.2133.7 ± 14.1*0.5182* ^[a](#table-fn2-2054270416654359){ref-type="table-fn"}^Diastolic BP mm Hg (µ, σ)72.4 ± 11.371.7 ± 12.472.7 ± 10.073.3 ± 11.2*0.2534* ^[a](#table-fn2-2054270416654359){ref-type="table-fn"}^Weight, pounds (µ, σ)210.1 ± 44.1209.9 ± 46.6205.8 ± 37.8216.8 ± 47.4*0.3387* ^[a](#table-fn2-2054270416654359){ref-type="table-fn"}^Servings of F&V (µ, σ)3.4 ± 1.53.1 ± 1.43.6 ± 1.73.7 ± 1.4*0.0013* ^[a](#table-fn2-2054270416654359){ref-type="table-fn"}^Physical activity in METS/week (µ, σ)2938 ± 52163332 ± 66252782 ± 43232480 ± 3268*0.1835* ^[a](#table-fn2-2054270416654359){ref-type="table-fn"}^[^1][^2][^3][^4] Table 2.Change in outcomes at 12-month follow-up by educational level.Outcome measure≦ High school1--3 years college4 + years college*p*SBP mm Hg Mean Δ (95% CI)−4.1 (−6.2, −2.0)−4.0 (−6.3, −1.7)−5.3 (−8.0, −2.5)0.7518DBP mm Hg Mean Δ (95% CI)−1.7 (−3.0, −0.3)−1.6 (−3.1, −0.1)−2.6 (−4.4, −0.9)0.6219Weight, pounds Mean Δ (95% CI)0.0 (−1.7, 1.6)1.5 (−0.2, 3.3)−1.7 (−3.7, 0.4)0.0700Physical activity (METS per week, % increase, 95% CI)6 (−20, + 39)52 (14, 103)62 (15, 128)0.0802Sodium intake score Mean Δ (95% CI)−0.2 (−0.5, 0.1)0.0 (−0.3, 0.3)0.0 (−0.4, 0.3)0.6910Servings of F&V Mean Δ (95% CI)−0.1 (−0.3, 0.1)−0.1 (−0.3, 0.2)0.4 (0.1, 0.7)0.0142Self-efficacy Mean Δ (95% CI)0.1 (−0.5, 0.7)0.6 (0.0, 1.2)0.5 (−0.2, 1.3)0.3846Engagement with care Mean Δ (95% CI)0.1 (−0.2, 0.5)0.2 (−0.2, 0.6)0.4 (−0.1, 0.8)0.7975Patient activation Mean Δ (95% CI)0.6 (−1.2, 2.4)1.2 (−0.7, 3.1)1.9 (−0.4, 4.2)0.6628[^5] Table 3.Change in blood pressure, weight and diet by education and intervention.^[a](#table-fn7-2054270416654359){ref-type="table-fn"}^EndpointsIntervention groupHighest level of education completed≤ High school1--3 years college4 + years collegeSBP mm Hg^[b](#table-fn8-2054270416654359){ref-type="table-fn"}^ Mean Δ (95% CI)Peer-led−5.64 (−8.61,−2.66)−3.16 (−6.38,0.05)−4.90 (−8.35,−1.46)Professional−2.44 (−5.53,0.64)−4.93 (−8.23,−1.63)−5.82 (−10.39,−1.24)Weight, pounds^[c](#table-fn9-2054270416654359){ref-type="table-fn"}^ Mean Δ (95% CI)Peer-led−1.04 (−3.25,1.17)1.77 (−0.64,4.18)^[c](#table-fn9-2054270416654359){ref-type="table-fn"}^−3.97 (−6.54,−1.41)^[c](#table-fn9-2054270416654359){ref-type="table-fn"}^Professional1.04 (−1.28,3.35)1.24 (−1.22,3.70)2.55 (−0.89,5.99)^[c](#table-fn9-2054270416654359){ref-type="table-fn"}^Servings of F&V^[b](#table-fn8-2054270416654359){ref-type="table-fn"}^ Mean Δ (95% CI)Peer-led0.02 (−0.29, 0.34)−0.02 (−0.35, 0.32)0.55 (0.20, 0.91)Professional−0.22 (−0.55, 0.10)−0.11 (−0.45, 0.23)0.10 (−0.36, 0.55)[^6][^7][^8][^9]

Results {#sec7-2054270416654359}
=======

Reflecting the demographics of the participating organisations, the 403 study participants were primarily older (mean age 68.2 years), white (96%) and male (87%). [Table 1](#table1-2054270416654359){ref-type="table"} presents the baseline characteristics of participants by educational level. While baseline systolic blood pressure and weight were similar across education groups, educational level was positively associated with our measures of literacy,^[@bibr26-2054270416654359],[@bibr27-2054270416654359]^ patient activation, self-efficacy and preference for participation in healthcare, as well as daily servings of fruits and vegetables. Conversely, educational level was inversely associated with the likelihood of smoking. Other measures were similar across groups.

At 12 months, we had data from 378 of the 403 participants; 13 died, 4 moved, 5 withdrew, and 3 were lost to follow up. Mean systolic blood pressure decreased by 4.4 mm Hg overall, while overall weight, daily servings of fruits and vegetables and physical activity were unchanged. We present changes in outcomes measures from baseline to 12 months by educational level in [Table 2](#table2-2054270416654359){ref-type="table"}. The changes in systolic blood pressure, weight and metabolic equivalents/week of physical activity were similar in all education groups. However, fruits and vegetables intake improved more among participants with the highest level of education (+0.4 servings/daily) than in the low (−0.1 servings/daily) and medium education groups (−0.1 servings/daily), (*p* = 0.0142).

There was no pattern to the interactions between the effect of level of education and that of intervention approach on changes in the outcome measures. We present changes in systolic blood pressure, weight and daily servings of fruits and vegetables in [Table 3](#table3-2054270416654359){ref-type="table"}. Although the impact of peer-led compared with professionally delivered education on weight was greatest in the most highly educated group, this pattern was not seen for other behaviour changes. Moreover, persons with the lowest levels of education had a more favourable change in weight than those with intermediate levels of education. This lack of trend is surprising, and we have no explanation other than a possible type I error.

Discussion {#sec8-2054270416654359}
==========

Principal findings {#sec9-2054270416654359}
------------------

The results of our analysis do not support the hypothesis that educational interventions may be particularly useful in populations with lower levels of education; they also give no indication that persons with less education do not benefit. Across a number of outcomes, less and better educated individuals had similar changes in systolic blood pressure or health behaviours. This finding was true for both the peer-delivered and professionally delivered educational interventions. Similarly, we found no evidence that persons with less education derived more benefit from peer-delivered education than they did from professionally led educational sessions.

We note that this study had a number of strengths. We examined a range of outcomes that were either objective (blood pressure, weight) or based on validated instruments. Our educational intervention was also efficacious, generating a significant improvement in hypertension knowledge^[@bibr28-2054270416654359]^ during the intervention, as well as improved blood pressure control.

Several limitations of our study warrant consideration. First, our study population was relatively homogeneous -- all participants were Veterans from southeastern Wisconsin; most were older white men. However, this homogeneity made it less likely that educational status would be confounded by other characteristics associated with response.

Second, we had relatively few participants with very limited education; only 26 participants did not have at least a high school education. Thus, we cannot determine how individuals with only primary education respond to an educational intervention. Furthermore, despite our effort to recruit peer educators who shared similar background and experience with the participants, our peer educators tended to be better educated than the average participants (data not shown). Nevertheless, they were members of the same relatively small (10--40 members) group of Veterans that met on a monthly basis, suggesting they were truly peers. However, due to their different educational backgrounds, they might not have delivered the material in a way that would facilitate learning among participants with less formal schooling.

Third, although our intervention duration occurred over an entire year, we were addressing long-standing behaviour patterns, and the number of educational contacts was limited. It may be that a longer or more intense intervention would do more to alleviate disparities related to educational background.

Finally, we note that our study was relatively small, so that a small difference in the impact of our intervention on blood pressure control could have been missed. However, the confidence intervals around our estimates of change in blood pressure in each educational group suggest any effect would be small.

Relation to other studies {#sec10-2054270416654359}
=========================

Our study is the first to examine this question among persons with hypertension, but it is consistent with other research, which has also suggested that the impact of educational interventions is similar across educational backgrounds, and may actually be greater among persons with more education. Bosma et al.^[@bibr29-2054270416654359]^ found that among patients with type II diabetes mellitus or chronic obstructive lung disease and mild to moderate depressive symptoms, a self-management intervention only improved depressive symptoms among persons with more education.

Educational interventions may be unable to mitigate socioeconomic disparities in health because they fail to address important environmental factors which are associated with lower socioeconomic status. For example, individuals with less education are more likely to live in neighbourhoods with fewer stores selling fresh produce, which could result in lower fruits and vegetables intake.^[@bibr30-2054270416654359]^ Moreover, as seen in our study, they are likely to have lower levels of health literacy, numeracy, and self-efficacy and be less actively involved in their own healthcare. These factors may limit the impact of educational interventions directed at chronic disease self-management.

Our finding that individuals with less education did not benefit more from peer-led education contrasts with the results of Rhee et al.^[@bibr17-2054270416654359]^ who found that adolescents from lower socioeconomic backgrounds benefited significantly more from peer-led asthma education than the adult-led asthma education. It is difficult to compare our study with this study, which used a different form of intervention for a different disease in a different population. Moreover, the advantage of peer education in the asthma study was confined to asthma quality of life; objective measures of pulmonary function did not improve in either group. It may be that quality of life is more apt to respond to peer education. In the present study, we focused on health behaviours and blood pressure control.

Implications and future work {#sec11-2054270416654359}
============================

Despite these caveats, we believe our findings are important. In a large population of hypertensive patients, we found nothing to suggest that educational interventions alone will reduce disparities in chronic disease self-management. Indeed, similar to Bosma et al.,^[@bibr29-2054270416654359]^ the trends we observed suggest that persons with greater baseline education are more likely to benefit from such programs, exacerbating socioeconomic health disparities.

Future studies should examine whether more intensive self-management programs, such as the 15 contact-hour peer-led Chronic Disease Self-Management Program developed by Lorig et al.^[@bibr15-2054270416654359]^ would diminish disparities in self-management skills. In the interim, efforts should continue to address environmental factors that make it harder for disadvantaged groups to self-manage chronic conditions.
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[^1]: BMI: body mass index; BP: blood pressure; F&V: fruits and vegetables; METS: metabolic equivalents.

[^2]: ^a^Cluster adjusted ANOVA test (general linear model using GEE) for linear education effect.

[^3]: ^b^Cluster adjusted logistic regression testing a linear education effect.

[^4]: ^c^Cluster adjusted logistic regression with cumulative logit link testing a linear education effect.

[^5]: SBP: systolic blood pressure; Δ: change; DBP: diastolic blood pressure; CI: confidence interval; METS/wk.: metabolic equivalents/week; F&V: fruits and vegetables.

[^6]: Δ: change in measure; CI: confidence interval; SBP: systolic blood pressure; F&V: fruits and vegetables.

[^7]: ^a^There is no significant interaction between education and intervention for any endpoint.

[^8]: ^b^There is no significant Education-by-Intervention interaction effects for change in SBP and F&V servings (*p* = 0.27, 0.60).

[^9]: ^c^There is a significant Education-by-Intervention interaction effect for change in weight (*p* = 0.016). Within the 4 + years college group, peer-led lost more weight than professional (*p* = 0.0025). Within the peer-led group, those with 4 + years college lost more weight than those with 1--3 years of college (*p* = 0.0015). These may be considered significant at the 0.05 level with a Bonferroni adjustment for nine comparisons.
